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ABSTRACT 
Objective: The study evaluated associations between outcome measures used in driving research including 
self-reported crashes, state crash records and an on-road driving test (ORT).   
Method: A total of 750 community dwelling participants aged 69 to 95 were recruited via the electoral roll into 
a study on injury prevention. Of these, 509 were drivers, and data on self-reported crashes, and either state 
crash records, or an on-road assessment were available for 488.  Crash history data were obtained from 
state records (5 year retrospective and 12 month prospective), retrospective self report (5 year) and 
prospective monthly injury diaries (12 months). A subsample completed an on-road driving test.  
Results: 22.3% reported a crash during the last 5 years, 10.0% reported a crash in the 12 month follow-up 
period, 3.2% of the sample had state crash records during the previous 5 years, and 0.6% had state 
recorded crashes during the 12 month follow-up period. State crash records did not agree with any other 
outcome measure.  Those who scored 5 or less on the ORT were more likely to report a crash in the past 5 
years (55.4% vs 36.8%; p = .009). Results did not differ when participants with probable dementia were 
excluded (n = 2).  
Conclusion: The results suggest caution should be applied when using state crash records as an outcome 
measure in driving research and suggest that in the Australian context, retrospective self reported crashes 
over 5 years are preferable when objective measures of driving performance are unavailable.  
 
 
 
INTRODUCTION 
Motor vehicle crashes comprise one of the largest causes of unintentional injury in older 
adults after falls (Mathers, Vos T, & C, 1999). Ageing of cognitive and sensorimotor functions, 
disease and frailty all influence the capacity of older drivers and have been associated with 
increased crash risk (Anstey, Wood, Lord et al., 2005; Marottoli & Drickamer, 1993; Marottoli, 
Richardson, Stowe et al., 1998). As demographic changes lead to increasing numbers of older 
drivers, there is a greater need to conduct research to devise methods of optimizing road safety in 
this age-group. Although many studies of older drivers use self-reported crash data as the primary 
outcome measure, there is only limited published data validating this outcome against state 
recorded crash records. Moreover, there are no published data that compare self-reported 
crashes or state crash records with performance on standardized on-road driving tests. There is 
therefore a strong incentive to evaluate the three key outcomes for research on older driver safety 
(self-reported crashes, state crash records, and on-road assessments) for concurrent validity.  
A literature search identified only two studies of older adults that have evaluated the 
agreement between self-reported crashes and crash records from transport authorities. Marratoli 
(Marottoli, Cooney, & Tinetti, 1997) compared state records and self-reported crashes in 358 
drivers aged 75 and older and found that 8% self-reported having had a crash but only 4% had a 
state recorded crash with a kappa of only 0.4 for agreement between the two sources of 
information. McGwin and colleagues compared state crash records with self-reported crashes in 
278 adults aged 55 and older (mean age 71) (McGwin, Owsley, & Ball, 1998). Agreement 
between the state crash records and self-reported records was low (kappa 0.25). This sample 
was selected for a case control study which may explain the higher crash history (33%) for this 
study compared to the Marottoli study.  
Three studies conducted on younger adults also found that state records only include a 
small proportion of self-reported crashes. McGuire(McGuire, 1973) found that only 42% of 
reportable incidents described in telephone interviews of 500 license applicants were recorded in 
official files. There was a bias towards more serious accidents being reported in state records.  
Higher occupational level and being female were associated with lower levels of highway reported 
accidents. Begg et al. (1999) found 49% of self-reported crashes in a cohort of 1037 19-year-olds 
were matched by state records (Begg, Langley, & Williams, 1999), and Winfred (Winfred, Bell, 
Edwards et al., 2005; Winfred, Tubre, Day et al., 2001) found a correlation of .41 between state 
crash records and self-reported crashes in a sample of 394 adults (mean age 36). Apart from the 
study using a case-control design, all studies comparing self-report to state crash records have 
found that less than 50% of self-reported crashes were included in state records.  
Studies of older adults appear to show lower rates of agreement between self-reported 
crashes and state crash records but the available evidence is sparse. A possible limitation of 
using crash records as an outcome in research on driving safety is that records may not include 
information on whether the driver was ‘at fault’ or whether unsafe driving was the cause of the 
crash. On-road driving tests enable evaluation of errors against standardized criteria, and provide 
measures of performance such as avoiding obstacles, obeying road rules, and lane changing. 
State crash records are also limited because they appear to represent no more than half (or even 
fewer) actual crashes reported in population-based samples of older drivers (Marottoli, Cooney, & 
Tinetti, 1997).   
Obtaining valid outcome measures for research into driving safety is essential for the 
development of screening and assessment tools.  The aim of this study was to evaluate the 
agreement among three key outcomes of driving safety for research into older drivers. Self-
reported crashes were compared to a) state crash records, and b) performance on an on-road 
driving test and state crash records were also compared to performance on an on-road driving 
test.  
 
METHODS 
Sample  
The participants in the current study were drawn from the Prevention of Older Person’s Injuries 
Project designed to investigate falls and transport injuries in older adults based at two sites; the 
Queensland University of Technology (QUT) in Brisbane and the Prince of Wales Medical 
Research Institute in Sydney, Australia.  Community dwelling individuals aged 69-95 years were 
recruited via the electoral roll. Voting is compulsory in Australia. Of 750 participants recruited into 
the main study, 509 reported that they were drivers (defined as driving at least once per week) all 
of whom provided data on self-reported crashes for the previous five years. A further 489 provided 
prospective self-reported crash data. Of these drivers, 473 consented to have their state crash 
records obtained for five years retrospectively and one year prospectively.   
Participation in the larger injury study involved various stages. First participants were sent 
a questionnaire on health and driving habits. Second they were invited into the laboratory for a 
comprehensive sensorimotor and cognitive assessment. Third, they were invited to participate in 
an on-road test. The on-road test (ORT) was only available at the QUT site where a total of 266 
completed it. A total of 488 drivers had either state crash records or an ORT, and form the sample 
for this study. Figure 1 is a flowchart showing the sample according to available driving outcome 
data.  
 The samples drawn from the two sites did not differ in mean age 76.18 (sd = 4.27) (76.33 
vs 76.10; t(486) = .572, p = .568), years of education 11.93 (sd = 4.12) (11.89 vs 11.94; t(485) = -
.125, p = .900), or driving frequency: 45.1% reporting daily driving, 40.2% driving 4-6 times per 
week, 8.8% driving 3 times per week, 4.5% driving twice per week, and 1.4% driving once per 
week (χ2 (4) = 4.643, p = .326). At the QUT site there was a greater proportion of males (64.4% vs 
53.1%; χ2 (1) = 5.78, p = .016), and participants reported driving more kilometers per week (χ2 (5) 
= 11.15, p = .048) with more highway driving (88.3% vs 67.9%; χ2 (1) = 28.485, p < .01). 
Participants provided written, informed consent to participate in the study and to have their crash 
data linked to their study data. The study was approved by the Human Research Ethics 
Committees at the University of New South Wales and Queensland University of Technology.   
 
Measures 
Self completed questionnaire    Participants completed a questionnaire that provided information on 
demographics (age, gender, education), physical and mental health and items on driving behavior and 
habits (years driving, distance driven per week and highway or long distance driving). The Mini-Mental 
State examination (MMSE) was administered before testing (Folstein, Robins, & Helzer, 1983). This test is 
used as a dementia screen and a score of less than 24 indicates probable dementia. 
 
Self-report crashes   Retrospective reports: Participants were asked to report the number of 
accidents they had been involved in over the past 5 years.  The type of accident (very minor, 
minor but claimed on insurance, police called, or car towed away) was also recorded for each of 
the reported incidents. Prospective crashes: Participants were followed up monthly for 12 months 
using a monthly injury diary on which they recorded whether or not they had experienced a crash. 
They were asked “Did you have any accidents while driving this month? (Yes/No). If the 
participants answered yes, they were then asked if the police were called to the scene of the 
accident, if they suffered injuries (none, minor injury or injury requiring medical attention) and if 
any passengers suffered injuries as a result of the accident.  If participants failed to complete their 
monthly diaries they were sent reminders by mail and also received a series of follow-up phone 
calls. This method of recording injuries has been advocated in the falls literature (Lamb, Jørstad, 
Hauer et al., 2005). The number of crashes participants had been involved in the 12 month follow-
up period was recorded.  
 
Transport authority crashes  The number of crashes for the participants was collected from 
state transport authority crash records in Queensland and New South Wales. Authorities were 
supplied identifying details and conducted the matching for the study. The type and severity of 
crash incidence was recorded (fatal, hospitalised, treatment required, damage, injury).   
 
On-Road Driving Performance   Driving performance was assessed under in-traffic conditions in 
an automatic, dual-brake vehicle using a previously validated technique (Wood & Mallon, 2001; 
Mallon and Wood 2004; Wood, et al., 2008) at the QUT site. Subjects were directed to drive along 
the route on the open road, which consisted of city and suburban streets, simple and complex 
intersections and a range of traffic densities. The same route was used for each subject and was 
19.4 km in length. The driving assessment was conducted either mid morning or mid afternoon to 
avoid rush hour. Driving was scored independently by the occupational therapist, experienced in 
assessment of driving and rehabilitation, and an accredited professional driving instructor in the 
front passenger seat, who was responsible for vehicle safety. Both assessed driving safety 
independently, using a series of well-defined criteria which are adaptations of those used clinically 
by the driving instructor and the occupational therapist in clinical rehabilitation assessment and 
were designed to be quantitative and as objective as possible. Both assessments used a 10-point 
scale based on Queensland driver licensing standards, and, as described elsewhere, were 
significantly correlated (r = 0.894, p<0.01). Those scoring the test were unaware of the driver’s 
crash history. A score between 1 and 3, indicated that the instructor had to take action to avoid an 
incident, or that the driver hit a significant object and should consider ceasing driving; a driver 
would fail the assessment if they scored in this category. A score of 4 or 5 indicated poor driving 
and observation skills, while a score in the range of 6 to 8 indicated average driving skills but with 
some bad habits. Finally, a score of 9 or 10 reflected good to excellent driving and observational 
skills. For this study, two cutoffs were used to classify the sample. First those scoring <=3 were 
compared with those scoring between 4 and 10 on the ORT. Second, those scoring <=5 were 
compared with those scoring between 6 and 10 on the ORT.  
 
Statistical analysis   Differences between study sites, and differences between those consenting 
and not consenting to release of driving records were evaluated using Chi square for frequency 
data and t-tests for continuous measures. The association between self-reported crashes and 
state crash records was evaluated using the kappa statistic.  The association between self-
reported crashes and the ORT was evaluated using two methods. First, Chi-square analysis was 
conducted to test whether participants reporting crashes were also more likely to fail the driving 
test (score <=3) or had poor driving skills (score <=5). Logistic regression was used to assess the 
increased risk associated with self-reported crashing after adjusting for age and sex. Similar to 
previous studies, an assumption was made that crashes recorded during the same time period by 
different sources of information (state records vs self report) were in fact the same crash. An 
alpha of 0.05 was used and analyses were conducted in SPSS 15.0.  
RESULTS 
Evaluation of potential bias due to participants not consenting to release crash records 
Table 1 shows comparisons between those participants consenting to releasing state crash 
records and those that did not consent. There was a significant difference on the depression 
scale, those consenting obtained higher scores (more depressed) compared to non-consenters, 
and there was a greater proportion of self-reported prospective crashes among those who did not 
consent to having their crash data released compared to those that did.  
 
Agreement between self-report crashes and state crashes 
Table 2 shows the number of retrospective and prospective self reported crashes and crashes 
recorded by state authorities. Of the full sample, 22.3% reported having a crash in the previous 5 
years but only 3.2% of participants had a state recorded crash in this period  Ten percent of the 
full sample reported having a crash during the 12 month follow-up period but only 0.6% of the 
sample had a state record crash during this follow-up period. Sites did not differ in the frequency 
of self-reported crashes or state crash records.  The kappa between retrospective self-reported 
crashes and retrospective state crashes was .188. Fourteen of the 15 crashes recorded on state 
records retrospectively were also reported by participants, but 88 of the crashes reported by 
participants were not recorded on state records and 4 of these were reported to be police 
attended.  
 
The kappa for agreement between self reported prospective crashes and prospective state 
crashes was -.012. Of the seven self-reported prospective crashes recorded on the injury diaries 
as being attended by police, only three were recorded on state crash records. None of the three 
state prospective crashes were reported by participants and 42 crashes reported by participants 
were not included in state crash records.  Numbers of crashes attended by police were too low to 
allow for calculation of kappas.  
 
Table 3 shows the demographic characteristics of the sample according to self reported crash 
status. Of those that reported having a crash in the past 5 years there was a greater proportion of 
males than females (68.8% vs 31.2%; χ2 (1) = 3.994, p = .046). However there were no gender 
differences for retrospective state recorded crashes (73.3% vs 26.7%; χ2 (1) = -1.200, p = .273), 
prospective self reported crashes (51.1% vs 48.9%; χ2 (1) = 1.610, p = .204) or prospective state 
recorded crashes (66.7% vs 33.3%; χ2 (1) = .056, p = .812). Age and education were not 
associated with self-reported crash status.  
 
Associations between the On Road Driving Assessment, Self-Reported Crashes and State 
Crash Records 
Table 4 shows the scores on the on road driving assessment according to self-reported crash 
status and state recorded crash status. Those who scored 5 or less on the test were more likely to 
report a crash in the past 5 years (55.4% vs 36.8%; χ2 (1) = 6.902, p = .009). However, no 
differences in performance on the ORT were found according to either prospective self-reported 
crashes or state crash records (combined retrospective and prospective).  A logistic regression 
showed that participants who reported a crash in the past 5 years had an odds ratio of 2.205 of 
scoring 5 or less when adjusting for age and sex  [CI: 1.199, 4.057; p = .011]. When not adjusting 
for these factors, the odds ratio was 2.130 [CI: 1.209, 3.755; p = .009]. In analyses conducted 
adjusting for those with low MMSE scores the odds of failing the test remained high [2.177, CI: 
1.180, 4.018; p = .013].  However, retrospective self-reported crashes were not significantly 
associated with performance on the ORT when the more stringent cut-off of 3 was used on the 
ORT [1.711, CI; .763, 3.835; p = .192] and an odds ratio of 1.861 [CI: .938, 3.692; p = .075] for 
the unadjusted model.   
Regression analyses using the continuous outcome measure of the driver safety rating (i.e. range 
0 to 10) showed that retrospective self-reported crashes was a significant predictor of average driver 
safety rating independent of age and gender t (2) = -3.076, p = .002. The model for self-reported 
prospective crashes was not significant t(2) = -.656, p = .512.   
 
DISCUSSION 
To our knowledge this is the first study to report prospective data on self-reported crashes obtained by the 
monthly injury diary method, and to compare this to state crash data. The number of crashes recorded in 
state records reported in this study was similar to another Australian study that found older drivers had 
crash rates of between 14.4 and 19.4 per 10000 drivers aged 80 and older (Langford, Fitzharris, Koppel et 
al., 2004).   Similar to previous studies (Marottoli, Cooney, & Tinetti, 1997) we found low agreement 
between self-reported crashes and state recorded crashes in this sample. The results show that only a 
very small proportion of crashes that are reported by older adults are recorded by state authorities. This is 
not surprising because minor crashes are not reported to authorities, yet are recalled by participants. 
However, the implications of this finding are that state crash records in Australia, at the current time, do not 
capture a large proportion of crashes.  
The only previous study using a population based sample also found that the majority of crashes 
reported by older adults were not included on state records (Marottoli, Cooney, & Tinetti, 1997). There are 
likely to be various reasons for this relating to local requirements for reporting, thresholds of crash severity 
before police are called to attend, and variability in the subjective perception of the severity of crashes. 
Crash reporting systems differ between countries. In Australia, crash data are not linked to a social 
security number. It is also possible that individuals recall the year of the crash incorrectly, or that errors 
occur in the recording of details of state records (Marottoli, Cooney, & Tinetti, 1997). Although it might be 
argued that there would be incentives for older adults not to report crashes for fear of loss of license, the 
high rate of self-reported crashes suggests this is not the case.  
Our population based sample of older drivers without cognitive impairment showed that individuals 
who reported a crash were twice as likely to fail a rigorous driving test compared to individuals reporting no 
crashes in the previous five years. The on-road driving test provides a standardized procedure for all 
participants with sufficient duration and complexity to allow assessment of a variety of driving situations 
and maneuvers and sensitive enough to differentiate between drivers of different ages and visual status, 
as well as specific disease conditions such as Parkinson’s disease (Wood & Mallon 2001; Wood et al 
2005). The lack of an association using the more stringent cutoff on the ORT may have been due to 
reduced statistical power with only 6.0% of participants falling into this category. The fact that the 
association between self-reported crashes and the continuous measure of the driving safety rating was 
significant, supports this view. The larger number of crashes reported over the 5 year retrospective period 
may have increased the possibility of finding a statistically significant association (compared with the 
smaller number of prospective self-reported crashes).   
We conclude that retrospective self-reported crashes over a 5 year period have some validity as 
an outcome measure in driving research. However, we note that self-reported crash measures have 
limitations. The retrospective data may be subject to memory bias, particularly in an age-group with 
increasing levels of mild cognitive impairment, and information on whether the driver was ‘at fault’ is 
difficult to obtain.  It is also possible that informant reports of crashes may increase the quality of self-
report data.  We strongly emphasize the need for further research to develop more sensitive, validated 
self-report measures of driving safety for use where an on-road test is not possible as a research outcome 
measure.  
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Figure Caption 
 
Figure 1. Flowchart showing study participants
Table 1.  
Comparison of those consenting to release crash data and those not consenting to release crash data 
 Consented  Did not consent  p-value 
QUT (n, %) 311 (95.4) 15 (4.6) 
POWMRI (n, %) 162 (100.0) 0 (0.0) 
.006 
Age (M, SD) 76.18 (4.26) 75.93 (4.95) ns 
Male (n, %) 284 (60.0) 12 (80.0) ns 
Education (M, SD) 11.92 (4.10) 12.07 (4.43) ns 
MMSE (M, SD) 28.09 (1.42) 27.33 (1.99) ns 
Depression (M, SD) .60 (1.31) .07 (.26) .000 
Anxiety (M, SD) .68 (1.40) .33 (.62) ns 
Reported Crashes     
SR Retrospective crashes    
 
Yes (n, %) 105 (22.2) 4 (26.7) 
No (n, %) 386 (77.8) 11 (73.3) 
ns 
SR prospective crashes    
Yes (n, %) 43 (9.4) 4 (26.7) 
No (n, %) 414 (90.6) 11 (73.3) 
.028 
ORT (score > 5)     
Pass (n, %) 150 (59.8) 6 (40.0) 
Fail (n, %) 101 (40.2) 9 (60.0) 
ns 
ORT (score > 3)     
Pass (n, %) 207 (82.5) 13 (86.7) 
Fail (n, %) 44 (17.5) 2 (13.3) 
ns 
Notes. SR = Self-report; ORT = On Road Driving Test.
 Table 2.  
Retrospective and prospective self reported crashes and state recorded crashes by site  
 All (n = 488) QUT (n = 326) POWMRI (n = 162) 
SR Accidents in past 5 yearsa     
Yes (n, %) 109 (22.3) 77 (23.6) 32 (19.8) 
No (n, %) 379 (77.7) 249 (76.4) 130 (80.2) 
SR Prospective crashesb     
Yes (n, %) 47 (10.00) 34 (11.00) 13 (8.0) 
No (n, %) 425 (90.0) 276 (89.0) 149 (92.0) 
Transport authority recorded crashesc      
Yes (n, %) 18 (3.8) 11 (4.3) 7 (4.3) 
No (n, %) 452 (95.6) 297 (95.7) 155 (95.7) 
Retrospective (5 years) (n, %) 15 (3.2) 9 (1.8) 6 (1.2) 
Prospective (1 year) (n, %) 3 (.6) 2 (.4) 1 (.2) 
Notes. 3 participants had 2 prospective crashes on state records. SR = self reported; a N = 488; b 
N = 472; c N = 473.  
Table 3. 
Demographic characteristics according to self-reported crashes and state crash records 
 Retrospective 
 Self-Report Crashes State Recorded Crashes 
 Yes (n = 109) No (n = 379) Yes (n = 15) No (n = 458) 
Male  75 (68.8) 221 (58.3) 11 (73.3) 273 (59.6) 
Female   34 (31.2) 158 (41.7) 4 (26.6) 185 (40.4) 
Age M (SD) 76.69 (5.06) 76.03 (4.02) 76.40 (3.58) 76.18 (4.28) 
Years of Education M (SD) 12.48 (4.20) 11.77 (4.07) 12.13 (2.70) 11.92 (4.14) 
 Prospective 
 Self-Report State Recorded Crashes 
 Yes (n = 47) No (n = 425) Yes (n = 3) No (n = 470) 
Male   24 (51.1) 258 (60.7) 2 (66.6) 282 (60.0) 
Female   23 (48.9) 167 (39.3) 1 (33.3) 188 (40.0) 
Age M (SD)  76.53 (3.86) 76.08 (4.27) 77.00 (2.0) 76.18 (4.27) 
Years of Education M (SD)  12.08 (4.24) 11.91 (4.11) 10.0 (1.73) 11.94 (4.11) 
 
Table 4. 
Retrospective and prospective On-Road Driving assessment means and proportion of fails categorised by 
self-reported and state recorded crashes for QUT site 
Retrospective 
Self-Report Crashes State Recorded Crashes 
 
Yes (n = 65) No (n = 201) Yes No 
ORT (M, SD) 4.93 (2.07) 5.76 (1.86) 6.75 (1.35) 5.54 (1.94) 
% Failed (Cut-off 5) 36 (55.4) 74 (36.8) 1 (14.3) 100 (41.0) 
% Failed (Cut-off 3) 16 (24.6) 30 (14.9) 0 (0.0)  44 (18.0) 
 Prospective 
 Self-Report State 
 Yes (n = 29) No (n = 224) Yes No 
ORT (M, SD) 5.29 (1.99) 5.62 (1.92) 4.75 (2.47) 5.58 (1.93) 
% Failed (Cut-off 5) 14 (48.3) 91 (40.4) 1 (50.0) 100 (40.2) 
% Failed (Cut-off 3) 7 (24.1) 36 (16.0) 1 (50.0) 43 (17.3) 
 
 
 
 
